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The effect on critical velocity of runnings with change of direction in soccer
Abstract
Introduction: The aim of this study was to examine relationships between Yo-Yo intermittent recovery
level 1 test (YYIR1T) performance and critical velocity determined by test protocols consisting of runs
with a change of direction and straight runs. Material and Methods: Twelve young soccer players
voluntarily participated in study (age: 17.07±0.24 years, training experience: 8.42±2.50 years, height:
178.58±5.76 cm, weight: 70.67±6.14 kg, body mass index: 22.16±1.59). To determine critical velocity, 6-,
9- and 12-minute runs were performed with maximum effort on a straight-line running track and a running
track with a change of direction. The critical velocity was determined by two linear regression models.
YYIR1T was performed to determine players’ aerobic endurance. The critical velocity value of the two test
tracks was compared by the paired samples T-test. The correlation between test parameters was
determined by Spearman’s correlation coefficient. Results: A significant difference between anaerobic
distance capacity and the mean running speed of the two test tracks (p<0.05) was found. There was a
significant correlation between critical velocity in the straight-line test track and the YYIR1T performance.
(p<0.05). Conclusions: Consequently, it might be said that runs with a change of direction might increase
energy expenditure and anaerobic distance capacity was highly affected by those compared to critical
velocity.
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The aim of this study was to examine relationships between Yo-Yo intermittent recovery level 1 test
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Twelve young soccer players voluntarily participated in study (age: 17.07±0.24 years, training
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experience: 8.42±2.50 years, height: 178.58±5.76 cm, weight: 70.67±6.14 kg, body mass index:
22.16±1.59). To determine critical velocity, 6-, 9- and 12-minute runs were performed with maximum
effort on a straight-line running track and a running track with a change of direction. The critical velocity
was determined by two linear regression models. YYIR1T was performed to determine players’ aerobic
endurance. The critical velocity value of the two test tracks was compared by the paired samples T-test.
The correlation between test parameters was determined by Spearman’s correlation coefficient.
test tracks (p<0.05) was found. There was a significant correlation between critical velocity in the
straight-line test track and the YYIR1T performance (p<0.05).
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introduction 

The endurance capacity is an important physical fitness parameter in soccer. A soccer game
lasts 90 minutes. The game includes many physical activities, such as jogging, standing,
backward running, walking, low intensity running. These activities mainly depend on
aerobic players’ endurance capacity. However, there are also anaerobic activities in soccer
game, such as high intensity running, jumps, tackling, sprints, dribbling, accelerating
and turns. These anaerobic activities cause lactate accumulation in soccer players. The
phosphorylation of glycogen (glycogenolysis) increases during anaerobic activities. The
lactate can be eliminated from blood with low intensity (aerobic) exercises. The low
intensity activities are performed to eliminate lactate from the active muscle groups [1].
Therefore, high aerobic capacity contributes to players’ performance. It was determined
that elite soccer players covered 11 kilometers’ distance in a soccer match [2]. The
maximum oxygen uptake (VO2max) is one of the factors determining the distance covered
in a soccer match. Therefore, VO2max is a parameter used in order to increase and evaluate
soccer players’ physical fitness level [3].
The VO2max and aerobic endurance capacity can be determined with various measurement
methods. There are some indicators of aerobic endurance. Critical velocity (CV) is an
important indicator of aerobic endurance. CV is known as the highest running velocity
without fatigue in prolonged exercises used dominantly by the aerobic system [4]. Firstly,
Monod and Scherer [5] defined critical power concept in a cycle ergometer. Then, the critical
power concept was adapted to running exercises by Ettema et al. [6]. In the critical power
concept, the anaerobic work capacity is known as an amount of work performed by anaerobic
energy stores above the critical power value [7]. There was a linearity between the total work
(covered distance for critical velocity) and exercise time in the critical power concept [5].
In a linear relationship, the slope coefficient was critical power (critical velocity) and the
y-intercept was anaerobic work capacity (anaerobic distance capacity for critical velocity)
[8]. CV was determined by running tests on a track and a treadmill. The tests consist of two
and more runs performed at different times. The critical power (or critical velocity) may be
described as the highest rate of ATP synthesis with using oxygen without anaerobic energy
reserves for energy production [9]. The aerobic endurance indicates the capacity of ATP
production without lactate accumulation in the presence of oxygen. Therefore, VO2max is
an important indicator of endurance capacity and resistance to fatigue. The oxygen uptake
capacity is the most important factor determining critical power (or critical velocity) [10].
Soccer dominantly includes aerobic activities. However, high intensity anaerobic activities
(turns, acceleration, jumps, intermittent activities, sprints) are alternately performed with
aerobic activities (standing, walking and jogging) [11]. Also, actions with a change of
direction are frequently performed in soccer game. The high aerobic endurance increases
tolerance to fatigue and decreases the time of recovery. Intermittent anaerobic activity
performance may be developed by increasing lactate tolerance depending on aerobic
endurance. Thus, soccer players may frequently perform intermittent high intensity
activities during game. The aerobic endurance of soccer players must be measured and
evaluated with performance tests to reach optimal performance. CV is a useful and easy
measurement tool of aerobic performance in soccer. Expensive test equipment is not
needed for CV tests. Aerobic performance may be easily determined with running tests.
CV is recommended for measurement of aerobic endurance performance in soccer players
[12]. Lord et al. [13] found a relationship between the maximal mean speed values at
soccer matches and CV. Similarly, it was indicated that CV was a non-invasive indicator of
endurance performance in soccer players [14]. The endurance training sessions of soccer
players may be planned and monitored by coaches with CV. CV has practical and simple
test protocols. Therefore, the CV is a practical parameter for measuring aerobic endurance
performance in soccer. In this context, the aim of the present study was to examine
www.balticsportscience.com
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relationships between Yo-Yo intermittent recovery level 1 test (YYIR1T) performance and
a CV parameter determined by test protocols consisting of runs with a change of direction
and straight runs.

material and methods

P articipants

Twelve amateur young soccer players voluntarily participated in the study (Age: 17.07±0.24
years, training experience: 8.42±2.50 years, height: 178.58±5.76 cm, weight: 70.67±6.14
kg, body mass index: 22.16±1.59). The subjects consisted of players playing soccer in
the U-17 category of the team in Turkey Super League, and many of them were players
of youth national teams. All players were informed about the study protocol. Informed
voluntary consent form was filled in by all players. The study was performed in line with
principles of the Helsinki Declaration.

D ata C ollection
Straight-Line Running Tests (SLRT) and Running Tests With a Change of Direction (RTCD)
Both SLRT and RTCD consisted of three different running tests (6-, 9-, and 12-minute running
tests). All tests were performed at the same time of day with 48 hours rest interval. The 6-, 9and 12-minute runs were performed with maximal effort in both straight-line track and track
with a change of direction on a synthetic grass soccer pitch (Figure 1). The running tracks
were marked by cones using a portable steel meter. During three days before tests, vigorous
exercise was not performed. The players performed warm-up and stretching exercises before
all running tests. The players tried to cover the maximum distance in 6-, 9- and 12-minute
running tests. Each test duration was measured with a hand chronometer (Casio HS-70W1DF, Tokyo, Japan). The covered distance values during tests were determined in meter unit.
The heart rate (HR) value during the tests was automatically recorded by heart rate monitors
(V800, Polar Electro OY, Kempele, Finland). The covered distance and test duration were
manually recorded to determine the CV and anaerobic distance capacity (ADC) parameters.
The mean running speed of three tests (MRST) and the mean of the maximum heart rates
in tests (MMHRT) were also determined as test parameters.

Fig. 1. The Tracks of Straight-Line Running Tests (SLRT) and Running Tests with a Change of Direction (RTCD)
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Yo-Yo Intermittent Recovery Level 1 Test (YYIR1T)
The YYIR1T was used to determine aerobic endurance of soccer players. The YYIR1T
was performed on a synthetic grass soccer pitch after one week from running tests. The
YYIR1T was performed at same time of day as SLRT and RTCD. During three days before
test, vigorous exercise was not performed. The YYIR1T consists of a 20-m running track
and 5-m active recovery area [15] (Figure 2). The running speed of YYIR1T is periodically
increased by audio signals. The audio signal of YYIR1T was emitted by a portable CD player
(Philips Az1030, Eindhoven, Holland). 2x20 m (40 m) running and 2x5 m (10 m) active
recovery running (jogging) were performed in the tests. Active recovery running (2x5 m)
was performed in a 10-m area during 10 seconds after 2x20 m runs. The audio signals
indicate running speeds of test. The athletes adjust their running speeds, and the audio
signal is tried to be caught in 20 m cones. The test protocol was explained to all players.
After warm-up and stretching, all players performed the test. The YYIR1T began at 10 km/h
running speed. After the start of the test, 4x40 m distance at 10-13 km/h running speed
interval and 7x40 m distance at 13.5-14 km/h running speed interval were covered. Then,
the running speed of the test increased by 0.5 km/h after every 8x40 m running bout. The
test ended when the audio signal was not caught in 20 m cones or athletes left the test
voluntarily. The final running speed of the test was defined as the maximum aerobic speed
(MAS). The covered distance and MAS in YYIR1T were manually recorded in a test form.
The HR value of the test was automatically recorded by heart rate monitors (V800, Polar
Electro OY, Kempele, Finland). The VO2max value of players was indirectly calculated
according to a formula of Bangsbo et al. [16]:
VO2max (ml/kg/min) = Covered distance in YYIR1T (m) × 0.0084 + 36.4

Fig. 2. Yo-Yo Intermittent Recovery Level 1 Test (YYIR1T) Track

Determination of Critical Velocity Parameters
Two linear mathematical models were used to determine CV parameters. The 6-, 9- and
12-minute running parameters of each soccer player were used in determination of CV
parameters [17]. The CV and ADC parameters were determined by mathematical models
using the covered distance, running duration and running speed values of 6,- 9- and
12-minute runs in both SLRT and RTCD. The CV and ADC parameters of SLRT and RTCD
were calculated separately with mathematical models. These mathematical models consists
of linear regression models. The first mathematical model was the linear total distance (LinTD). The Lin-TD model consists of linear regression analysis between the covered distance
(D) and the running duration (t) in 6-, 9- and 12-minute running tests [5, 18-24]:
D = ADC + CV x t
The regression slope of the Lin-TD model was the CV parameter. The y-intercept of the
regression line in the model was the ADC parameter.
The linear velocity model (Lin-V) was used as the second linear regression model to determine
CV and ADC parameters. The CV and ADC parameters were derived by linear regression
www.balticsportscience.com
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analysis between running velocity (V) and the inverse of running durations (1/t) values of
6-, 9- and 12-minute running tests in the Lin-V model [7, 19, 21-22, 24-29]:
V = ADC x (1/t) + CV
The CV parameter was derived from y-intercept of the regression line in the Lin-V model.
The ADC parameter was obtained from the slope of the regression line in the model.

D ata A nalysis

The study data was presented as descriptive statistics (X̄±SD). The CV and ADC parameters
of each player were determined using Lin-TD and Lin-V linear regression models. The linear
regression models were computed in Microsoft Excel program (Version 2016, Microsoft
Corp., Redmond, USA). The data distribution was examined by Shapiro-Wilk test. The
SLRT and RTCD parameters were compared by a paired sample T-test. The relationship
between YYIR1T parameters and SLRT and RTCD parameters was determined by Spearman
correlation analysis. The study data was analyzed in the SPSS package program (IBM SPSS
22.0. Armonk, NY: IBM Corp.). The significance level in statistical analysis was set at p<0.05.

results

The results of SLRT, RTCD and YYIR1T were presented in Table 1. It was determined that
the CV value of RTCD was higher than SLRT. However, it was determined that the ADC and
MRST values of SLRT were higher than RTCD.
Table 1. The Descriptive Statistics of Test Parameters in Young Soccer Players

Test

SLRT (n=12)

RTCD (n=12)

YYIR1T (n=12)

Test Parameters

Mean±Std. Dev.

Min.-Max.

MMHRT (beat/min)

192.06±8.53

179.33–208.33

MRST (km/h)

13.79± 1.04

12.10–15.81

Lin-TD CV (km/h)

10.77±0.84

9.61–11.99

Lin-TD ADC(km)

0.42± 0.10

0.28–0.60

Lin-V CV (km/h)

10.73± 1.17

9.14–12.53

Lin-V ADC (km)

0.43± 0.09

0.26–0.56

MMHRT (beat/min)

193.83± 8.29

179.33–208.00

MRST (km/h)

12.91± 0.71

12.00–14.14

Lin-TD CV (km/h)

10.92± 1.08

9.00–12.64

Lin-TD ADC(km)

0.28± 0.12

0.17–0.50

Lin-V CV (km/h)

11.04± 1.19

8.68–12.92

Lin-V ADC (km)

0.26± 0.13

0.14–0.51

VO2max (ml/kg/min)

49.78± 3.05

45.14–56.56

MAS (km/h)

15.88± 0.53

15.00–17.00

Distance (m)

1593.33± 363.75

1040.00–2400.00

HR (beat/min)

194.92± 12.09

176.00–220.00

SLRT: Straight-line running tests, RTCD: Running tests with a change of direction, YYIR1T: Yo-Yo intermittent recovery level
1 test, MMHRT: Mean of the maximum heart rates in three tests, MRST: Mean running speed of three tests, Lin-TD CV:
Critical velocity in the linear total distance model, Lin-TD ADC: Anaerobic distance capacity in the linear total distance
model, Lin-V CV: Critical velocity in the linear velocity model, Lin-V ADC: Anaerobic distance capacity in the linear velocity
model, VO2max: Maximum oxygen uptake, MAS: Maximum aerobic speed, HR: Heart rate after the test.

The comparison of SLRT and RTCD values was presented in Table 2. A significant difference
was found between SLRT and RTCD in terms of MRST and ADC values (p<0.05). There was
no significant difference between SLRT and RTCD with regard to MMHRT and CV values.
www.balticsportscience.com

15

Ari E, Hamit Cihan H, Çetindemir A.
The effect on critical velocity of runnings with change of direction in soccer
Balt J Health Phys Act. 2021;13(3):11-21

Table 2. The analysis results of the difference between straight-line running tests (SLRT) and running tests with
change of direction (RTCD) in young soccer players (n=12)

Parameter
MMHRT (beat/min)
MRST (km/h)
Lin-TD CV (km/h)
Lin-TD ADC(km)
Lin-V CV (km/h)
Lin-V ADC (km)

Test

Mean±Std. Dev.

SLRT

192.06±8.53

RTCD

193.83± 8.29

SLRT

13.79± 1.04

RTCD

12.91± 0.71

SLRT

10.77±0.84

RTCD

10.92± 1.08

SLRT

0.42± 0.10

RTCD

0.28± 0.12

SLRT

10.73± 1.17

RTCD

11.04± 1.19

SLRT

0.43± 0.09

RTCD

0.26± 0.13

t

p

-1.749

0.108

5.987

0.001*

-0.547

0.596

3.404

0.006*

-0.750

0.469

3.207

0.008*

*p<0.05 SLRT: Straight-line running tests, RTCD: Running tests with a change of direction, MMHRT: Mean of the
maximum heart rates in three tests, MRST: Mean running speed of three tests, Lin-TD CV: Critical velocity in the linear
total distance model, Lin-TD ADC: Anaerobic distance capacity in the linear total distance model, Lin-V CV: Critical
velocity in the linear velocity model, Lin-V ADC: Anaerobic distance capacity in the linear velocity model.

The correlation between SLRT and RTCD with YYIR1T was presented in Table 3. The
MMHRT value of SLRT significantly correlated with the HR value of YYIR1T (p<0.05). The
VO2max and distance values of YYIR1T had a significant and high correlation with MRST
value of SLRT (p<0.05). Also, only the ADC parameter of the Lin-TD model and the CV
parameter of the Lin-V model in SLRT moderately correlated with the VO2max and distance
values of YYIR1T (p<0.05). There was a significant and high correlation between MMHRT
in RTCD and HR in YYIR1T (p<0.05). However, it was determined that the VO2max and
distance values of YYIR1T had a significant and high correlation with the MRST value of
RTCD (p<0.05). There was no significant correlation between the parameters (CV and
ADC) of Lin-TD and Lin-V models in RTCD with the YYIR1T parameters (p>0.05).
Table 3. Correlation analysis results between SLRT and RTCD parameters and YYIR1T parameters in young soccer
players (n=12)

Test

Correlation

VO2max
(ml/kg/dk)

MAS
(km/h)

Distance
(m)

HR
(beat/min)

MMHRT
(beat/min)

r

0.061

-0.325

0.062

0.748

p

0.850

0.303

0.849

0.005*

r

0.889

0.479

0.889

-0.011

p

0.001*

0.115

0.001*

0.973

r

0.510

0.167

0.510

-0.146

MRST
(km/h)

SLRT

YYIR1T

Parameter

Lin-TD CV
(km/h)
Lin-TD
ADC(km)
Lin-V CV
(km/h)
Lin-V ADC
(km)

www.balticsportscience.com

p

0.090

0.604

0.090

0.652

r

0.686

0.495

0.687

0.139

p

0.014*

0.102

0.014*

0.667

r

0.589

0.276

0.590

-0.149

p

0.044*

0.386

0.044*

0.644

r

0.338

0.244

0.338

0.233

p

0.283

0.444

0.283

0.466
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Test

RTCD

YYIR1T

Parameter

Correlation

VO2max
(ml/kg/dk)

MAS
(km/h)

Distance
(m)

MMHRT
(beat/min)

r

-0.061

-0.445

-0.061

0.873

p

0.850

0.147

0.850

0.001*

MRST
(km/h)

r

0.735

0.333

0.735

0.092

p

0.006*

0.290

0.006*

0.776

Lin-TD CV
(km/h)

r

0.545

0.123

0.546

-0.097

p

0.067

0.703

0.067

0.765

Lin-TD
ADC(km)

r

-0.139

0.046

-0.139

0.284

p

0.667

0.888

0.666

0.371

Lin-V CV
(km/h)

r

0.424

-0.033

0.424

0.115

p

0.169

0.918

0.169

0.722

r

-0.028

0.233

-0.028

-0.015

p

0.931

0.466

0.930

0.964

Lin-V ADC
(km)

HR
(beat/min)

*p<0.05, SLRT: Straight-line running tests, RTCD: Running tests with a change of direction, YYIR1T: Yo-Yo intermittent
recovery level 1 test, MMHRT: Mean of the maximum heart rates in three tests, MRST: Mean running speed of three
tests, Lin-TD CV: Critical velocity in the linear total distance model, Lin-TD ADC: Anaerobic distance capacity in the linear
total distance model, Lin-V CV: Critical velocity in the linear velocity model, Lin-V ADC: Anaerobic distance capacity in
the linear velocity model, VO2max: Maximum oxygen uptake, MAS: Maximum aerobic speed, HR: Heart rate after test

discussion

The aim of the current study was to determine relationships between YYIR1T performance
and the CV parameter determined by test protocols consisting of runs with a change of
direction and straight runs. It was determined that MMHRT and MRST values in both
SLRT and RTCD positively and significantly correlated with related parameters of YYIR1T
(Table 3). In terms of the CV parameter, the Lin-V CV value moderately and significantly
correlated with VO2max and distance values of YYIR1T (Table 3). Also, it was found that
MRST value of SLRT was higher than RTCD (Table 2). The change of direction requires
deceleration and acceleration movements. Therefore, the energy demand is high in a
change of direction. Similarly, the ADC value of both models was high in SLRT. This result
indicated high energy demand of anaerobic activity with a change of direction. Messias
et al. [30] found no significant correlation between lactate minimum speed and CV values
in futsal players. The lactate value is an indicator of anaerobic endurance. In our study,
the CV values had no correlation with the MAS value of YYIR1T. It might be said that
there was a similarity between findings of the two studies. Also, Fairman et al. [31] found
that the CV values of Lin-TD and Lin-V models correlated with relative VO2max values of
male soccer players. The CV value of the Lin-V model in SLRT had a moderate significant
correlation with VO2max values (Table 3). In RTCD, there was no significant correlation
between CV in both models and VO2max values. The runs with a change of direction might
increase energy cost of running. However, the running velocity might decrease owing to
turnings and motions with change of direction. These factors might affect the correlation
between CV and VO2max in YYIR1T.
Karsten et al. [12] reported that a significant increase was determined in the CV parameter
in addition to the covered distance in YYIR1T after the eight-week strength training period.
The parallel increase in YYIR1T and CV indicated the improvement in aerobic endurance
of soccer players. Both parameters are indicators of aerobic endurance. Therefore, the
aerobic fitness level of players might be followed by CV parameter. A moderate correlation
between the distance covered in YYIR1T and CV in the Lin-V model was found in our
study. This finding was similar to results of the mentioned study. Similarly to findings
www.balticsportscience.com
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of Karsten et al. [12], Clark et al. [32] reported that the high intensity interval training
significantly increased the running velocity at VO2max and CV of female soccer players.
The positive effect on aerobic endurance of high intensity interval training was indicated
in the mentioned study. It might be indicated that the parallel increase in both parameters
showed the relationship between CV and VO2max running velocity.
Florence and Weir [23] found a high correlation between marathon time and CV values. The
marathon running is an aerobic activity and it dominantly uses the aerobic way of energy
production. Similarly, Gamelin et al. [17] determined that one-hour running performance
was related to the CV value. Also, Schnitzler et al. [33] found a high correlation between
CV and the anaerobic threshold, maximal aerobic speed values. The relationship between
YYIR1T performance and CV in the SLRT test is similar to the relationship in the mentioned
studies. Aerobic endurance provides resistance to lactate accumulation in soccer matches.
The high aerobic endurance capacity prevents high lactate accumulation in blood. Thus,
the recovery capacity of players might be increased. The high recovery capacity allows
performing intermittent high intensity activities without lactate accumulation in such
sports as soccer. Thus, high intensity activities, such as sprint or runs with a change of
direction might be performed more frequently in a match.
Guimarães and Da Silva [34] determined a positive correlation between CV and the
anaerobic threshold running velocity. Also in the mentioned study, it was found a negative
correlation between CV and duration of 3000 and 5000 m running. The anaerobic threshold
is an indicator of aerobic endurance. The anaerobic threshold value is often used to
determine athletes’ aerobic endurance. Both CV and anaerobic threshold are important
aerobic endurance parameters. Similarly, this relationship was sustained by a high
negative correlation between CV and aerobic running durations in the mentioned study.
The relationship between CV in SLRT and YYIR1T performance in the present study drew
parallelism with findings of mentioned studies.
The critical power parameter was based on the power-exhaustion time relationship by
Monod and Scherer [5]. The critical power tests were performed on a bike ergometer
with different power values. The relationship between critical power and VO2max was
indicated in many studies. Greco et al. [35] determined that the VO2max value was highly
correlated to critical power in both endurance cyclists and untrained subjects. The MRST
value in SLRT and RTCD had a positive correlation with the VO2max value in YYIR1T in
the present study. The MRST was an indicator of loading intensity in running. The high
mean running speed indicates the amount of anaerobic energy support in exercise. The
high VO2max contributes this anaerobic energy support by developing recovery capacity.
However, it was found that the VO2max value in YYIR1T had only correlation with CV
value in SLRT. The SLRT had fewer runs with change of direction than RTCD and it was
similar to YYIR1T. Running with a change of direction demands more energy, and fatigue
may affect athletes more negatively during these runs. Therefore, it could be said that the
CV–VO2max relationship could be affected by runs with change of direction.
The maximal lactate steady state is an important endurance parameter. The maximal
lactate steady state was described as the highest exercise intensity that the blood lactate
concentration had stability, and it related to endurance performance [36]. De Lucas
et al. [37] reported that running velocity at maximal lactate steady state obtained by
an intermittent test protocol was related to the CV value in endurance runners. It was
found that the YYIR1T performance was related to CV value of the Lin-V model in SLRT.
This finding drew parallelism to the results of the mentioned study. Also, Billat et al.
[36] indicated that the mean running velocity during marathon was below the work load
in the maximal lactate steady state. Similarly, Carter and Dekerle [38] found a positive
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correlation between the VO2max value in a treadmill test and the CV value. In the light of
these findings, it could be said that aerobic endurance performance could be evaluated
by the CV parameter.
Dellal et al. [39] determined that physiological parameters in running with a change
of direction were higher than straight line runs in soccer players. In the present study,
the MRST value was lower in RTCD. The MRST indicated the exercise intensity during
running. It was seen that the exercise intensity of SLRT was higher than RTCD. Players
achieved a lower running speed in RTCD due to high physiological stress and this result was
similar to findings in the mentioned study. It was indicated that activities with a change of
direction could increase the dominance of anaerobic energy metabolism in exercise [39].
The physiological responses of exercise may be manipulated by activities with a change
of directions. Particularly, the intermittent high intensity activities may be combined by
runs with change of direction in soccer. However, this study was conducted on twelve
elite young soccer players. Players’ injuries were a limitation in this study. Therefore,
injured players were not included in the research group. However, similar studies may be
performed on professional players from different soccer leagues in next studies.
Kendall et al. [40] found a high positive correlation between the CV and VO2max value in
collegiate rowers. Rowing is an endurance sport, and the high aerobic endurance level
(high VO2max) is necessary for maximum performance in competitions. The recovery
capacity in many sports depends on athletes’ aerobic endurance level. The recovery
duration between high intensity runs was shorter in soccer players having high aerobic
endurance. The YYIR1T involves intermittent runs with turns and it reflects a running
profile in soccer. Most of the recovery period between high intensity runs (runs at 16–19
km/h speed interval and above 19 km/h speed) consisted of 2–9 seconds (39.31%) and 1030 seconds (27.70%) in elite level soccer matches [41]. The YYIR1T performance (VO2max
and covered distance) had a moderate correlation with the CV value of the Lin-V model
in SLRT in our study. There was no correlation between YYIR1T parameters and the CV
value in RTCD. The SLRT protocol involved less runs with change of direction than RTCD
protocol. Therefore, it might be more similar to YYIR1T, and the correlation between two
tests might have arisen from this similarity. The activities with a change of direction need
more effort and energy. There might be no correlation between YYIR1T and CV parameters
of RTCD for these reasons.

conclusion

In summary, it might be said that the YYIR1T correlated with the CV parameter of the Lin-V
model in SLRT. There was no significant correlation between CV in the Lin-TD model and
YYIR1T performance. The SLRT contained less movements with a change of direction than
RTCD. These activities with a change of direction may affect the relationship between test
parameters and YYIR1T performance. The soccer game has variable movement patterns. The
various high intensity activities (sprints, acceleration, change of direction, jumping, tackling)
are frequently performed in soccer matches. These activities affect soccer performance
and match scores. The performance of soccer specific activities should be developed with
appropriate exercises. The CV parameter as an aerobic endurance indicator may be used
to increase endurance performance of soccer players. The optimal aerobic endurance is
fundamental of high anaerobic endurance level. The high VO2max may delay oxygen debt
during high intensity exercises. Therefore, the CV parameter obtained by the soccer specific
test protocols, such as RTCD, may be used to monitor and develop aerobic endurance
performance of soccer players. The CV obtained from different test protocols involving runs
with a change of direction may be comparatively analyzed with performance of reference test
protocols, such as YYIR1T. The CV test protocols containing runs with change of direction
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may be used for monitoring aerobic endurance of soccer players. Consequently, it may
be said that runs with a change of direction may increase energy expenditure, and this
phenomenon may cause lower estimation of ADC parameter in test protocols including runs
with change of direction in contrast to similar estimation of the CV parameter.
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